Alkoxy derivatives of layered perovskite-like niobate HCa2Nb3O10 as efficient photocatalysts for hydrogen generation from an aqueous solution of methanol
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Nowadays development of alternative energy sources is of great importance for saving nature and preventing the energy crisis. With this regard, photocatalytic decomposition of water and water-organic media is considered as an effective and environmentally friendly approach to the hydrogen fuel production. 

Despite the fact that TiO2 and materials based on it are still the most studied photocatalysts, their activity is often limited by the charge separation efficiency and other factors. Meanwhile, another class of promising photocatalysts is represented by layered perovskite-like oxides – solid crystalline substances possessing block-type structure in which perovskite slabs alternate with interlayer spaces populated by cations [1]. These materials are amenable to reactions involving their interlayer space, such as ion exchange and intercalation, which provide their unique photocatalytic properties. Earlier reported ways to enhance photocatalytic activity of layered perovskites were connected with their cationic and anionic substitution, doping, intercalation of metals, sensitization with dyes as well as exfoliation into nanoplatelets [2].
In the present research we have considered a fundamentally new approach to increasing photocatalytic activity of layered perovskite-like oxides – covalent modification of their interlayer space with alkoxy groups of n-alcohols. In particular, we have investigated kinetics of the light-driven hydrogen evolution from the model aqueous solution of methanol over previously synthesized hybrid inorganic-organic photocatalysts ROCa2Nb3O9 (R = Me, Et, Pr, Bu, Hx, Dc) based on the layered niobate HCa2Nb3O10. Photocatalytic measurements were conducted according to a complex scheme taking into account changes in the photocatalyst concentration because of sedimentation, pH shifts and possible lamination of the samples into nanolayers. Special attention was also paid to the feasible improvement of the photocatalytic activity of the samples via their modification with Pt nanoparticles as a cocatalyst. All the photocatalysts obtained were preliminarily characterized by a set of modern physical-chemical methods including X-ray diffraction, Raman, nuclear magnetic resonance and diffuse reflectance spectroscopy, thermogravimetry, CHN-analysis, and scanning electron microscopy.
In was shown that modification of HCa2Nb3O10 by covalently bonded alkoxy groups significantly enhances the hydrogen generation rate achieving quantum efficiency of 20% in the 220-340 nm range. Moreover, it was confirmed that hydrogen is generated from the reaction solution rather than from organic components of the hybrid photocatalysts. Thus, modification of HCa2Nb3O10 by organic groups appears to be an effective strategy to manage its photocatalytic activity which may be applied to other photocatalytically active materials.
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